Nonhuman great apes and human children were tested for an understanding that appearance does not always correspond to reality. Subjects were 29 great apes (bonobos [Pan paniscus], chimpanzees [Pan troglodytes], gorillas [Gorilla gorilla], and orangutans [Pongo abelii]) and 24 2½-year-old children. In our task, we occluded portions of 1 large and 1 small food stick such that the size relations seemed reversed. Subjects could then choose which one they wanted. There was 1 control condition and 2 experimental conditions (administered within subjects). In the control condition subjects saw only the apparent stick sizes, whereas in the 2 experimental conditions they saw the true stick sizes as well (the difference between them being what the subjects saw first: the apparent or the real stick sizes). All great ape species and children successfully identified the bigger stick, despite its smaller appearance, in the experimental conditions, but not in the control. We discuss these results in relation to the understanding of object permanence and conservation, and exclude reversed reward contingency learning as an explanation.
The ability to distinguish appearance from reality is ecologically significant in a broad variety of situations (Flavell, 1986) . Mistaking a snake for a tree branch or an insect for a leaf can have deadly consequences. The ability to avoid judgment mistakes can thus be an evolutionary advantage by helping to effectively forage in the wild and to protect oneself against predators. Although mimicry and camouflage detection have been studied extensively in the animal kingdom (e.g., Owen, 1982; Wickler, 1968) , surprisingly little is known about whether our closest living relatives, the great apes, possess the skill to detect deceptive attempts when their perception differs from reality. As inhabitants of the rainforest, this ability would surely be advantageous for them.
In contrast, a large body of work has been done with human children, starting with the pioneer work of Shanks (1965a, 1965b) . It is Flavell and colleagues however, who should be credited with developing a systematic research program (e.g., Flavell, Flavell, & Green, 1987; Flavell, Green, & Flavell, 1986 , 1989 Flavell, Zhang, Zou, Dong, & Qi, 1983) . The paradigms to test appearance-reality (henceforth: AR) understanding can be broadly distinguished into two categories. In the first set of studies, the child is confronted with a deceptive object whose true identity is at odds with its visual (or in some cases tactile) appearance. Probably most famous is the so-called rock-sponge test (Flavell et al., 1983 (Flavell et al., , 1986 ). Here, the child is confronted with a sponge that is realistically painted like a rock. To pass the test, the child has to correctly answer two questions: First, what the object "really and truly" is, and second, what it "only looks like."
In a second set of studies, a distinct feature of an object appears to change while the child is watching, such as an object's color (Flavell et al., , 1987 , shape (Flavell et al., 1983) , or size (Braine & Shanks, 1965b; Elkind, 1966; Flavell et al., 1983) . In all cases, the child has to determine the object's real and apparent property after its transformation.
Typically, children come to understand these classic verbal tasks by the age of 4 years, and cross-cultural comparisons with Mandarin-speaking children have found the same absolute levels of performance, error patterns, and age trends (Flavell et al., 1983) , leading researchers to conclude that this reflects a deep-seated cognitive deficit in 3-year-old children's ability to hold dual representations of an object (Flavell, Green, & Flavell, 1990) .
Several scholars have criticized these early studies for their high linguistic demands that might be the true reason for the failure of 3-year-olds (e.g., Deák, 2006; Siegal, 1997) . It is thus surprising that there have been few attempts to test appearance-reality understanding in children nonverbally. King (1971) used the Müller-Lyer illusion to change the relations of a small and a long stick and compared the performance of 4-to 6-year-old children in a verbal and a nonverbal version of the task. He found that 58% of the children were successful in the nonverbal task, whereas only 30% answered both appearance-reality questions correctly. Sapp, Lee, and Muir (2000) and Moll and Tomasello (2012) found 3-year-old children to be successful in appearance-reality tasks when the linguistic demands were reduced. Overall, the current research suggests that although 3-year-olds typically fail in classic verbal appearance-reality tasks, they might not generally lack the understanding that an object's appearance can differ from its true identity or properties.
Analogous results in research on perspective taking support this view. These tasks also require the ability to construe an object or situation in two conflicting ways. Flavell himself found that AR skills correlate highly with perspective-taking skills in 3-year-olds (Flavell, 1986) . In addition, Moll and Meltzoff (2011) could show that 3-year-olds know to which of two blue objects an adult is referring to as the "green" one when he or she sees it through a yellow color filter (while to the children it appeared in its true, blue color).
Though a large body of literature demonstrates that various nonhuman animal species experience a dissociation between the physical and the perceptual world, particularly when confronted with visual illusions (for a review, see Fujita, 2012) , surprisingly little is known about whether animals understand that appearance differs from reality in these illusionary moments. To our knowledge, there has been only one study investigating AR in nonhuman animals. Krachun, Call, and Tomasello (2009) studied whether chimpanzees can distinguish appearance from reality by adapting the classic lens test developed for human children (Braine & Shanks, 1965b; Flavell et al., 1983) . In their study, subjects chose between a small and a big grape. However, before their choice the apparent sizes of the grapes were reversed using magnifying and minimizing lenses so that the bigger grape appeared to be the smaller one. Whereas the chimpanzees failed on a group level, several individuals seemed to appreciate the appearance-reality distinction. Four-year-old children who were given an adapted version of the task failed, while 4.5-year-olds succeeded.
Although Krachun and colleagues found some evidence for the AR distinction in chimpanzees, the results were not consistent across subjects. One reason for this might be the unnatural devices used in this study. Chimpanzees do not encounter magnifying or minimizing lenses in their natural environment (this effect may at best be represented by the magnifying effect of water on objects). However, apparent size changes do occur in apes' natural habitat-by partial occlusion. A big fruit can appear small when covered by a leaf, and an enormous snake can appear much smaller when only its tail is visible. To differentiate between appearance and reality that arises through partial occlusion, at least four challenges must be met: (a) Perceive the real size of the objects, (b) understand that the occluded part of the object persists, even if it is not visible, (c) understand that the occluded object did not undergo an identity change, but only a change in appearance, and (d) overcome the perceptual salience of the changes in appearance at the time of choice (Bruner, 1966) . Whereas (a) and (d) relate to attention and inhibition problems, (b) and (c) are logical problems that require an understanding of both object permanence and object conservation (Piaget, 1954 (Piaget, , 1961 .
Numerous animal species are capable of object permanence in the sense that objects that disappear from sight continue to exist (see Dore & Dumas, 1987; Tomasello & Call, 1997) , although only great apes seem to cope well with cases in which objects undergo multiple invisible displacements (Jaakkola, 2014) . Additionally, apes seem capable of object conservation (e.g., Suda & Call, 2005; Woodruff, Premack, & Kennel, 1978) defined as the ability to understand that essential properties of physical substances remain invariant regardless of perceptual changes (Piaget, 1952; Piaget & Inhelder, 1941) . According to Piaget, children develop conservation skills by the age of 7 to 12 years (Piaget, 1952; Piaget & Inhelder, 1969) , but more recent literature suggests that they can succeed in conservation tasks much earlier, when specific difficulties (e.g., language demands) are circumvented (Braine & Shanks, 1965b; Gelman, 1972; McGarrigle & Donaldson, 1975) . Thus, both great apes and young children possess the required abilities to allow them to distinguish between appearance and reality. However, whether they are indeed able to do so, is still largely unknown.
We tested AR in all four great ape species-bonobos, chimpanzees, gorillas, and orangutans. We aimed to create a more naturalistic conflict between appearance and reality by partially occluding one large and one small edible pretzel stick such that the size relations were reversed; the bigger reward appeared to be the smaller one and vice versa. We then let the subject choose the reward they wanted to receive. As some chimpanzees appreciated the appearance-reality distinction in Krachun and colleagues' (2009) lens test, we expected chimpanzees to be more successful in this setting. For the other great ape species, we could not make any clear predictions for their success or failure because of the lack of data in appearance-reality tasks. However, because bonobos and orangutans have been proven to possess conservation skills, we hypothesized that these may help them to solve the task. We administered our test also to 2½-year-old children. To our knowledge, in this age group neither AR discrimination nor conservation abilities have been shown so far. We chose this age group because our task had very few verbal demands. Additionally, children of that age already have plenty of experience with partially occluded objects.
All previous "overconservation" AR tasks with children as well as the one study with chimpanzees (Krachun et al., 2009) confronted subjects with the true size relations first, before the relations (in size or quantity) were reversed. Yet we were interested in This document is copyrighted by the American Psychological Association or one of its allied publishers.
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the question of how children's and great apes' performance would change if their first impression of the objects was wrong, and the true size relations are revealed thereafter. In this respect, two well-known psychological phenomena in humans are a first impression bias and confirmatory bias. The first impression bias refers to a limitation of human information processing in which people are strongly influenced by the first piece of information they are exposed to, and that they are biased in evaluating subsequent information in the direction of the initial influence (Lim, Benbasat, & Ward, 2000) . Confirmatory bias is strongly related to the first impression bias and describes the human tendency to ignore additional relevant information or even misread contradicting evidence if they have already formed an initial hypothesis about a situation or person (Rabin & Schrag, 1999) . We were thus expecting that a false first impression might cause more difficulties in identifying the truly bigger stick for human children, and potentially also great apes. We thus presented two experimental conditions to the subjects: One in which subjects first saw the real stick size relation, and one in which they saw the apparent (deceptive) stick size relation first, but were allowed to see the real size relation thereafter. In a control condition, subjects only saw the apparent stick sizes and chose without further information. Choosing the really bigger stick should therefore be hardest in the control condition, less hard in the condition with a wrong first impression, and easiest in the condition with a true first impression.
Method Subjects
Seven bonobos (Pan paniscus), 13 chimpanzees (Pan troglodytes), four gorillas (Gorilla gorilla), and five orangutans (Pongo abelii) participated in this experiment (see Table 1 ). Ten apes were nursery-reared (together with peers by human caretakers) whereas 19 were mother-reared within a group of conspecifics. All were born in captivity and housed at the Wolfgang Koehler Primate Research Center at the Leipzig Zoo (Germany), where they lived in social groups and had access to indoor and outdoor areas. Subjects were tested in their indoor rooms, were fed according to their daily routine, and were not food or water deprived at any time. Subjects all had previous experience with participating in experimental studies and were therefore familiar with the context. Twenty-four 2½-year-old children (13 female, 11 male; age range: 2y, 4m-2y, 7m) from kindergartens in Leipzig, Germany, also participated in this experiment. Five further children (2 female, 3 male) were dropped from the study due to illness on at least one of the three testing days (n ϭ 3), shyness (n ϭ 1), or uncooperativeness (n ϭ 1).
Materials
The apparatus consisted of a flat sliding board (78.5 ϫ 30.5 cm) with two rubber strings attached to it on the left and right side for fixing the pretzel stick rewards (45.5 cm apart, 16.5 cm from the side, 18.5 cm from the subject's bottom side). The rewards could be partially covered by a black board (78.5 ϫ 19 cm), such that the bigger stick appeared to be smaller than the small stick (see Figure 1) .
For the apes, the sliding board was placed in front of a Plexiglas panel (64 ϫ 73 cm) in the enclosure wall. At the panel's bottom were two holes on the left and right side (6.5 cm diameter, 43 cm apart), corresponding to the two stick rewards. A red occluder (80 ϫ 50 cm) was used to block the subject's view during baiting. Big and small pretzel sticks (13-cm and 6.5-cm long, 4 mm in diameter) were used as rewards.
The children sat at a table in front of the sliding board. A red curtain could block their view. Instead of pretzel sticks, wooden sticks of the same size as the pretzel sticks in the ape set-up were used for the children, which they could later feed to a duck puppet.
Design
Each subject received three conditions on different days, with the order of conditions counterbalanced for sex (children) and age and sex (apes). The mean age of the apes in each of the two order groups was 17.6 and 19.6 years.
In each daily test session, we administered 12 trials of the same condition. Apes received two consecutive sessions of each condition, resulting in 24 trials per condition and 72 trials total. Children received one session of each condition, resulting in 12 trials per condition and 36 trials total. There was a minimum of 1 and a maximum of 7 days between sessions.
Procedure
Each subject was tested individually, children in a room in their kindergarten, apes in their sleeping or testing rooms at the zoo. Young ape infants were allowed to stay with their mothers, but trials started only if the infants were not interfering with the test setup.
As a prerequisite for the experiment, subjects needed to be motivated to choose the bigger of two pretzel sticks. Ape subjects are naturally motivated to do so (see Hanus & Call, 2007) . To ensure a similar motivation in children, the experimenter established a feeding context. She introduced a duck hand puppet that was explained to be very hungry, and whose favorite food was (wooden) "duck pretzel sticks." The duck liked only the big sticks, and would not eat the small sticks. The experimenter demonstrated the duck's preference by showing it a big and a small stick, and letting it choose its favorite stick. The duck chose the big stick and the experimenter subsequently fed this stick to it through a little hole in its mouth (the experimenter could hold the inserted stick in her hand inside the puppet and remove the stick later in an unobserved moment). The experimenter then tried to feed the duck This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the small stick and it refused. Then she checked the child's understanding of the duck's preference by letting the child choose one stick from between one big and one small stick. Most children (88%) picked the big stick from the very beginning. If not, the experimenter stressed again the duck's preference and repeated the procedure until the child picked the big stick (median of training trials needed across 24 tested children: M ϭ 1, range 1-3). When the child chose the big stick, the duck jumped happily up and down, and the child was allowed to feed it through the hole in its mouth. When the child chose the small stick, the duck sadly hung her head and said that she did not like the small sticks and that she would eat only the big sticks. Children generally reacted positively to the duck and seemed to enjoy feeding it.
Before each trial, the sliding table was pulled away from the subject, the subject's view was blocked and the two rubber strings were baited with one big and one small pretzel stick according to a predefined scheme. For all sessions, both stick lengths were presented on the left and right side an equal number of times, and the side that the big stick appeared on first was also counterbalanced between subjects. The position of the sticks was randomly determined with the only constraint being that the same constellation could not be presented on more than three consecutive trials.
Each trial started with the experimenter removing the occluder, allowing the subjects to observe the stick constellation. What subjects saw next differed between the conditions in the following way (see also Figure 2 ): (a) Control condition: Only the covered version ("appearance view") of the sticks.
(b) Reality-Appearance (RA) condition: First the real length of the sticks ("reality view"), then the board was placed on the sticks, leading to the appearance view. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
(c) Appearance-Reality-Appearance (ARA) condition: First the covered version of the sticks. Next, the board was removed and the subjects were allowed to see the real stick lengths. The board was repositioned thereafter, leading to the appearance view.
Then the sliding table was pushed toward the subject in all conditions. Each view (appearance or reality) was presented for about 3 seconds before the next step began. As soon as the sliding table was pushed toward the subject, the subject was allowed to choose one of the two sticks by poking a finger through the corresponding hole (apes) or by pointing to one of the two sticks (children). The table was only pushed toward the subject if the subject did not have their fingers in one or both holes (apes) or on the table (children). Crucially, when subjects made their choice, the sticks were always covered with the board. The experimenter avoided potential cueing in the following ways: First, when she pushed the table toward the subject, she used both hands ensuring that each stick had a hand close to it; second, while pushing the table, the experimenter looked down at the center between the two sticks; and third, in case she had to wait for the subject to make a choice, she folded her hands in her lap and kept her eyes down.
Since in all of our conditions the truly bigger stick appeared to be the smaller, it is conceivable that subjects might learn the rule of always choosing the apparently smaller stick. Although we could have conducted a control condition in which the larger stick also remained the apparently larger one after occlusion, we decided against this possibility because previous studies have shown that our apes (e.g., Hanus & Call, 2007) , just like those included in other studies (e.g., Boysen & Berntson, 1995; Beran, 2001) , have a strong preference for larger food quantities. Thus, we suspected that this condition would not be very informative. Instead, we decided to compare subjects with different levels of learning experience (due to different numbers of preceding experimental conditions) in their performance in the control condition. If subjects just learned a rule to always choose the apparent smaller stick, we expected that those with extensive learning experience would be more successful in the control condition than naïve subjects.
Data Scoring and Analysis
For ape subjects, a choice was considered made when she poked her finger through one of the holes after the table was pushed toward them. Children were asked which stick they would want to feed to the duck before the table was pushed toward them. They made their choice by either touching one of the two sticks or by unambiguously pointing to one of them. All choices were live coded, but trials were also videotaped for later analysis. A second independent observer coded a random sample of 20% of all the sessions for reliability. The interrater agreement was excellent (Cohen's ϭ .92, p Ͻ .0001, for apes and ϭ 1.0, p Ͻ .0001, for children).
As apes and children had differing procedures, we initially analyzed them separately. We used repeated-measures ANOVAs with Greenhouse-Geisser adjustment with condition as a withinsubject factor and sex and order of conditions as between-subjects factors. Additionally, we analyzed species as a factor for the ape data. We also conducted a repeated-measures ANOVA to directly compare the performance of apes (with all species pooled together) and children (while being aware that differences might partially result from variations in the procedure). We used one-way ANOVAs to compare the performance of subjects in the control condition after different amounts of exposure to apparent size changes (control first/second/last) and to compare their performance in their first conditions only. In addition, we used onesample t tests to examine whether their performance differed from chance in the various conditions. Figure 3 shows the proportion of trials in which apes and children chose the bigger stick across the three conditions. Focusing on the apes revealed a highly significant effect of condition, F(1, 4) ϭ 127.45, p Ͻ .001, 2 ϭ .98, and pairwise comparisons revealed that this effect was driven by them choosing the bigger stick significantly less often in the control condition than in the RA or ARA conditions (Bonferroni-corrected p ϭ .002 and p ϭ .003, respectively). In contrast, the apes were equally successful in the RA and ARA condition (p ϭ 1.0 This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. a significant difference between conditions, F(2, 20) ϭ 54.30, p Ͻ .001, 2 ϭ .82, driven by their performance in the RA and ARA condition being significantly better than in the control condition (Bonferroni-corrected p Ͻ .001 in both comparisons). Children did not perform differently in the RA and ARA condition (p ϭ 1.0).
Results
A repeated-measures ANOVA including condition as withinsubject factor and sex, order of conditions, and group (apes vs. children) as between-subjects factors revealed a significant effect of group, F(1, 29) We also analyzed whether subjects learned the rule of always choosing the apparent smaller stick by comparing their performance in the control condition as a function of the number of preceding conditions in which they could have experienced apparent size changes (RA and ARA condition). There was no significant difference between more and less experienced apes, F(2, 26) ϭ .29, p ϭ .75, see Figure 4 . In contrast, children differed significantly in their performance in the control condition depending on their prior experience, F(2, 21) ϭ 7.3, p ϭ .004. However, this difference arose from their better performance without experience (control first), compared to the extensive experience (control last; Bonferroni-corrected post hoc test: p ϭ .003).
To control for any other confounding learning effects across sessions, we compared the performance between subjects in their first condition only. Despite the smaller cell sizes, the observed patterns remained the same both for apes, F(2, 28) ϭ 36.28, p Ͻ .001 and children, F(2, 23) ϭ 5.88, p ϭ .009. Subjects chose the bigger stick significantly less often in the control condition than in the RA or ARA condition (Bonferroni-corrected post hoc test: apes: both p Ͻ .001; children: Control-RA: p ϭ .034, Control-ARA: p ϭ .015), and there was no difference for neither group between the RA and ARA condition (p ϭ 1.0).
Discussion
Our study resulted in two key findings. First, all great ape species were successful in identifying the bigger stick if they had already seen the real stick size, even though their perceptions did not reflect reality in the moment of choice. Also, 2½-year-old children performed above chance, but were less successful than the apes. Second, we found that in the control condition apes and children performed well below chance: They consistently selected the apparently bigger, but really smaller stick. This behavior did not change with increasing number of trials (not even after they sometimes picked the truly bigger stick by accident) and did not depend on the order of conditions. Thus, even subjects who received the control condition last and had plenty of opportunity to learn about the reversed size relation in the previous two conditions did not choose the truly bigger stick. This finding is in line with previous research that shows great apes' general difficulties in learning reversed reward contingency rules. In several studies, chimpanzees were trained to choose the smaller of two food quantities to receive the bigger one (Boysen & Berntson, 1995; Uher & Call, 2008; Vlamings, Uher, & Call, 2006) . None of the 12 naive subjects tested performed above chance before completing 250 trials. Generally, chimpanzees have significant difficulties with inhibitory control when confronted with such perceptual seductions (Boysen, 1996) . These difficulties rise with increasing ratio of the presented food quantities (Boysen, Berntson, & Mukobi, 2001; Uher & Call, 2008) . Three-year-old children also have difficulties inhibiting to reach for a larger food quantity (Russell, Mauthner, Sharpe, & Tidswell, 1991) . Against this background, the performance of great apes and children in the RA and ARA conditions is even more remarkable.
Previous research has found evidence that individual chimpanzees are able to discriminate appearance and reality. Krachun et al. . Mean percent of trials in which subjects chose the truly bigger stick in the control condition, compared between subjects with differing amount of learning experience (through differing numbers of preceding experimental conditions). Subjects with extensive experience with the size reversal (control last) did not perform better than subjects without such experience (control first or second). Error bars refer to 95% confidence intervals. This document is copyrighted by the American Psychological Association or one of its allied publishers.
(2009) reversed the size relations of a big and a small grape by using magnifying and minimizing lenses, and some of the tested individuals were successful in this task. However, as chimpanzees failed on a group level, it remained unclear whether this ability was generalizable or due to some exceptional individual abilities. The current study supports the former view by showing that chimpanzees show group-level success when they are confronted with more naturally occurring perceptual challenges. Furthermore, for the first time all other ape species also demonstrated their ability to discriminate appearance from reality. Especially their conservation skills could have helped them solve the task (Suda & Call, 2005) . The poorer performance of children compared to apes might be explained by differences in motivation, as children did not eat the pretzel sticks themselves, but only fed them to a duck puppet. Also, the limited executive attention of 2½-year-olds, that starts improving only by the age of 2 years up to the age of 7, could have constrained their performance (Rueda, Posner, & Rothbart, 2005) . Recent AR literature suggests that children can accomplish nonverbal AR tasks by the age of 3 years (Moll & Tomasello, 2012; Sapp et al., 2000) , but to our knowledge this is the first study reporting AR skills at an even younger age.
One main question arising from these findings is whether our task could have been solved by a simpler mechanism other than through an understanding of the AR distinction. We would like to discuss three alternative explanations. First, subjects could have succeeded by learning the simple rule of always choosing the smaller-looking stick or always avoiding the bigger-looking stick (reversed reward contingency learning). Indeed, this would be a successful strategy; across all conditions, the smaller-looking stick was always the bigger stick in reality at the moment of choice. However, we can rule out this explanation for several reasons. (a) Even subjects who received the control condition last and therefore had the opportunity to learn such a rule in 48 (apes) or 24 (children) preceding trials did not perform better than subjects without such extensive experience. (b) We would expect individual improvement over the sessions when learning such a rule. However, we did not observe an improvement across experimental sessions. (c) The results remain the same even when comparing naïve subjects in their first condition only. (d) Krachun and colleagues (2009) included two reversed reward contingency control tests in their experiment, in which chimpanzees had to point to the smaller of two grapes to receive the bigger one. Subjects performed poorly and did not show any sign of learning over the 12 trials. We thus conclude that reversed reward contingency learning cannot explain the success of subjects in our study.
Second, subjects may have solved the task because of a proximity bias or by simple visual tracking. In the case of a proximity bias, subjects in the experimental conditions could have disregarded the stick sizes and acted according to the following rule: Choose the stick that was closest to you before (although both sticks were at the same distance from the subject at the moment of choice, see Figure 1 ). However, we would then expect that they would choose randomly in the control condition, when both sticks are at the same distance from the subject. In contrast, we found that they had a clear preference for the apparently bigger stick in the control condition.
With regard to visual tracking, subjects could have followed the bigger stick with their eyes until the moment of choice. We cannot completely exclude this possibility. For example, in the RA condition, they could visually identify the big stick, ignore the subsequent covering and reversal of the size relations while continually tracking the location of the big stick, and then act according to their original preference. However, applying this same rule in the ARA condition is problematic because the stick that appears first as the bigger stick turns out, in reality, to be the smaller one in the next step. If subjects just tracked the stick that looked bigger in the first place, they would end up choosing the smaller one in reality. But this is not what we observed. We found that subjects performed equally well in the RA and ARA conditions, meaning that their first impressions did not necessarily determine their choices. In fact, we often observed that subjects in the ARA condition first pointed to the smaller stick when they saw the deceiving situation, but then corrected their pointing when the sticks were fully uncovered. However, when the sticks were covered again, subjects did not change back to their original choice. The two representational situations thus did not coexist as equally relevant choices. Instead, subjects evaluated one as being more informative for guiding their decisions. Hence, even if they did not judge their first impression as "wrong" or "only apparent," the competing representation of the real stick length in the second step was strong enough to overwrite their first memory trace. Furthermore, Krachun and colleagues (2009) excluded the explanation of tracking in a control condition in which the subjects' visual access to the rewards was blocked between the initial baiting event behind the magnifying/minimizing lens and the choice situation. Several subjects still successfully chose the truly bigger grape here.
A third alternative is that conservation abilities, not AR abilities, are sufficient to solve the task. We agree that conservation may be enough for solving our task. However, the same applies to all appearance-reality tests with seemingly changing object properties. Subjects have to conserve the true property of the object to overcome the lure of the apparent property later. This property to conserve refers to size in the lens test, object color in the color filter test, or the stick straightness after putting it in water-all examples of classic appearance-reality test in the child literature (Braine & Shanks, 1965b; Flavell et al., 1986) . Actually, some researchers have proposed that understanding the appearancereality distinction is even a prerequisite for succeeding in conservation tasks, and indeed Murray (1968) empirically supported this claim (Braine & Shanks, 1965a , 1965b however, see Langer & Strauss, 1972, for contradicting results) . Although the demands of conservation tasks and AR tasks overlap to a large extent, the typical AR questions are more abstract than the concrete questions about, for example, color or quantity in conservation tasks (see Russell & Mitchell, 1985 , for an example). Naturally, these questions are not applicable to nonlinguistic animals. Hence, we cannot conclude that our test required a dual representation of the same object, as in classic AR tasks. Future studies based on nonverbal paradigms will be required to unambiguously distinguish between AR and conservation abilities in animals and children.
The fact that subjects in our study did not transfer their knowledge about the size relation reversal to the control condition allows several conclusions about the underlying mechanism that they used to solve the task. First, they did not have a general awareness or mistrust that appearance can differ from reality, and they also did not acquire such suspiciousness after 48 (apes) or 24 (children) trials. We thus conclude that they did not grasp the general concept of an appearance-reality conflict, as Flavell's Stage 3 children (11-This document is copyrighted by the American Psychological Association or one of its allied publishers.
to 12-year-olds) would with their explicit knowledge about the AR distinction ; rather, their choice behavior was driven by and depending on recent perceptual input. However, they were able to rate the real and apparent representation as at least more or less meaningful for their decision (if not as more or less "true"). Great apes and 2½-year-old children thus seem to have some implicit and limited understanding of the appearancereality distinction, but might lack a fully blown general understanding of this concept. Overall, one cannot underestimate the importance of the nature of the task for investigating cognitive skills of both children and great apes. Great apes successfully master tasks that are ecologically significant to them, whereas they fail in similar tasks presented in a less relevant context (e.g., Hare & Tomasello, 2004) . Young children succeed in nonverbal AR tests, whereas they fail in verbal versions. The introduction of nonverbal methods in false belief research has led to a remarkable shift in the age when children pass the test. While children below 4 years typically fail in verbal versions, nonverbal tasks are mastered already by the age of 2 years and younger (see Baillargeon, Scott, & He, 2010 , for a review). As false belief tasks also require subjects to hold a dual representation of the same situation or object, it is plausible that nonverbal AR tests will reduce the passing age, and lead to a new comprehension of how young children perceive AR conflicts. The adverbs "really" and "truly" that are commonly used in the central question of classic AR tests are abstract adverbs that are rarely used in children's everyday lives. However, children encounter practical, nonverbal AR problems from an early age. Thus, it could well be that the ability to solve practical problems develops earlier than a linguistic AR understanding. According to our study, such a basic, practical AR understanding may be present in 2½-yearolds, and is shared with our closest living primate relatives, the great apes. To which extent the performance in such "really and truly" nonverbal AR tests correlates with pure conservation skills remains a question for future research, but we believe that the current study is a valuable step in this direction.
